Introduction
Meningitis is defined as the inflammation of the brain membranes. Clinically, it is manifested with irritability, neck stiffness, and Kernig's and Brudzinski's signs, while encephalitis is a consequence of the brain parenchyma involvement and is presented with alterations in consciousness, seizures, behavioral changes, aphasia, or cranial nerve palsies 1, 2 . In pediatric patients, both syndromes can occur concomitantly.
The meningoencephalitis etiology can be infectious (viruses, bacteria, parasites, and fungi) or non-infectious (demyelinating diseases, antibody-mediated encephalitis or vasculitis) [1] [2] [3] . The concept of aseptic meningitis describes a meningeal irritation event in the presence of pleocytosis, with negative results of cultures and stains for bacteria 3, 4 .
The signs and symptoms do not allow establishing a specific etiology 5 , so epidemiological information such as the season of presentation, vaccination record, exposure to arthropods, or the consumption of particular foods may be suggestive of the causes 3, 4 . Although the cytological and chemical characteristics of the cerebrospinal fluid (CSF) can guide the diagnosis, it is necessary to perform cultures and molecular tests to confirm an infectious etiology 3, 4 . In the pediatric population, Enteroviruses are the leading cause (85%) of infectious meningoencephalitis 3, 4 . Of the bacterial infections, 80% are due to Neisseria meningitidis, Haemophilus influenzae, and Streptococcus pneumoniae; however, the occurrence for the last two has significantly decreased after the application of conjugate vaccines in the first month of life 4, 6 .
The objective of this study was to describe the infectious causes of meningoencephalitis and its clinical presentation in pediatric patients of a reference hospital.
Methods
A cross-sectional, analytical study was conducted at the Hospital Civil de Guadalajara Dr. Juan I. Menchaca (HCGJIM) of the city of Guadalajara, Jalisco, Mexico. The institution provides health services to an open population with limited economic resources. The pediatric service has 226 beds, and the emergency department has 15 beds.
The investigation was conducted from June 23, 2014, to July 3, 2015. Pediatric patients older than 28 days of age with pleocytosis and signs and symptoms suggestive of meningitis, encephalitis, or meningoencephalitis were included in the study. Patients with epilepsy or invasive intracranial devices, such as ventriculoperitoneal shunt valves or external shunts, were not included in the study. The following were considered as clinical manifestations suggestive of meningitis: irritability, neck stiffness, and Kernig's or Brudzinski's signs, while the manifestations of encephalitis were alterations in the level of consciousness (Glasgow scale of ≤ 12), seizures, behavioral changes, aphasia, cranial nerve palsy or changes in gait, strength, or sensitivity. Pleocytosis was defined as the presence of more than five leukocytes in CSF.
The variables explored were sex, age, weight, height; signs and symptoms; cytological and chemical characteristics of CSF; and history of gastroenteritis or respiratory tract infection in the 3 weeks before admission. The information of the analyzed variables was obtained from the patients' clinical records.
The CSF was obtained through a lumbar puncture with sterile technique. The samples were inoculated in enriched media (BacT/ALERT PF Pediatric FAN ® ) and on blood agar; microbial growth was monitored in automated BacT/ALERT ® 3D system for 7 days. Any microbial growth was considered significant, except coagulase-negative Staphylococcus. In these cases, it 
Statistical analysis
For the qualitative variables, frequencies and percentages were estimated; for the quantitative variables, the median and the ranges were calculated. The variables studied were compared between patients with and without etiological diagnosis; as statistical testing, the χ 2 test was used for qualitative variables and the Mann-Whitney U-test for quantitative variables. The analysis was performed with the software IBM SPSS Statistics Version 20.
Results
During the study period, 50 patients were registered: 50% (n = 25) presented suggestive symptoms of meningoencephalitis; 38% (n = 19) of meningitis; and 12% (n = 6) of encephalitis. Of the included patients, 62% (n = 31) were males and 38% (n = 19) were females. The median age was 1 year (minimum 0.08 and maximum 15).
Antibiotics were received before obtaining CSF for culture in 18% (n = 9) of the patients. Three weeks before admission, 66% (n = 33) had a respiratory tract infection and 32% (n = 16) had gastroenteritis.
The signs and symptoms at the time of hospitalization were as follows: irritability, 90% (n = 45); hyporexia, 88% (n = 44); fever, 68% (n = 34); seizures, 52% (n = 26); hypertonia, 26% (n = 13); neck stiffness, 24% (n = 12); alteration of the state of consciousness, 22% (n = 11); bulging fontanelle, 12% (n = 6); Kernig's sign, 12% (n = 6); Brudzinski's sign, 10% (n = 5); and coma, 4% (n = 2).
The infectious etiological diagnosis was made in 42% (n = 21) of the patients. Two of them presented more than one etiological agent (S. pneumoniae with cytomegalovirus and S. pneumoniae with enterovirus). One meningeal infection produced by M. tuberculosis was identified with the Xpert MTB/Rif ® test, and one infection by M. pneumoniae was recognized by the presence of IgM antibodies in the CSF.
Of the microorganisms isolated, 65.2% (n = 15) were viruses and 34.8% (n = 8) were bacteria. One of the infections was a nosocomial acquisition by a patient with acrania; the rest of them were community acquired.
No differences were observed in the frequency of infectious etiological diagnosis according to sex (p = 0.55), syndromic diagnosis (p = 0.45), history of respiratory infection (p = 0.26), or when comparing patients with and without a history of having received antibiotics (p = 0.56). In three of the patients who received antibiotics before the diagnostic tests, an infectious etiological agent was identified (herpes Type VIII, Enterovirus, and Brucella melitensis). Patients with a gastroenteritis history were more likely to have an infectious etiologic diagnosis (odds ratio [OR]: 3.5; 95% confidence interval [95% CI]: 1007-12.1; p = 0.04). Table 1 shows the isolated microorganisms.
When comparing patients with and without an etiological diagnosis, a significant difference was observed for the number of leukocytes (92 leukocytes/mm 3 vs. 12 leukocytes/mm 3 , p = 0.001) and the percentage of Table 2 ). When comparing symptoms in patients with and without an infectious etiological diagnosis, a difference was observed for the presence of neck stiffness (OR: 3.8; 95% CI: 1-15.2), while concerning patients with and without bacterial meningitis, a difference was found in the occurrence of Kernig's (OR: 7.1; 95% CI: 1-52.7) and Brudzinski's signs (OR: 10.7; 95% CI: 1.3-109). When estimating the sensitivity and specificity of signs and symptoms to predict infectious etiological diagnosis, it was observed that hyporexia was the most sensitive symptom and the meningeal irritation signs and neck stiffness were the most specific (Table 3) .
When comparing the frequency of infectious etiological diagnosis (p = 0.35) or bacterial infections (p = 0.77) according to age, no significant statistical difference was found; however, 76% of the patients with an infectious diagnosis were older than three months; in patients with three or fewer months of life, only one event was of bacterial etiology (Streptococcus pyogenes).
Two of the patients presented chronic symptoms and a history of unpasteurized dairy products consumption: 1. A 9-year-old male patient with Down syndrome; the patient showed the following clinical manifestations of evolution over a month: a cough, headache, vomiting, asthenia, and adynamia. Cranial tomography revealed ventriculomegaly, so a peritoneal ventricular shunt valve was placed. The CSF cytochemical study showed 162 leukocytes/mm 3 In patients without an etiological diagnosis, the clinical manifestations at admission were irritability (89.7%), seizures (51.7%), and fever (65.5%). 37.9% of these patients were younger than 3 months; 72.4% had <30 leukocytes in the CSF, and in 79.3%, mononuclear cells were predominant. Six patients were classified as partially treated meningitis due to a history of antimicrobial use before CSF culture, and fifteen were classified as febrile seizures. Of this group, 72.4% of patients at admission presented respiratory symptoms (a cough, runny nose, or respiratory distress) and 20.7% showed gastrointestinal symptoms (diarrhea, vomit, or abdominal distension).
Discussion
The presence of fever, seizures, behavioral, and consciousness level alterations suggest the presence of infectious encephalitis. However, the clinical history of similar episodes, the absence of fever, or presenting acidosis or alkalosis suggest a non-infectious origin 1 .
Curtis et al. 5 evaluated the accuracy of different clinical signs and symptoms for the diagnosis of infectious meningitis and observed that the bulging fontanelle and neck stiffness were presented in < 20% of patients with suspected infection; however, their presence increased the risk of infection eight times (bulging fontanelle: likelihood ratio (LR): 8; 95% CI: 2.4-26, and neck stiffness: LR: 7; 95% CI: 3.2-19). At the HCGJIM, patients with suspected central nervous system (CNS) infection, neck stiffness, and Kernig's and Brudzinski's signs were the most specific clinical features to predict an infectious etiology. However, its positive predictive value was ≤ 80%. Before the use of cell cultures, only 25% of aseptic meningitis had an etiological diagnosis. Currently, with serological tests, nucleic acid amplification tests, and cultures, microbial agents can be identified up to 70% 2, 3 . In this study, in 42% of the patients, some microorganisms were identified: viruses in 65.2% (n = 15) and bacteria in 34.8% (n = 8). The most frequently identified agents were Enteroviruses.
Human herpesviruses 6 (VHH 6) and human herpesviruses 7 (VHH 7) are β-herpesviruses associated with exanthematous diseases of childhood; furthermore, they have been associated with febrile seizures 8 . Yavarian et al. 9 identified VHH 6 in CSF of 8.8% of infants with encephalitis, independently of having presented dermatological manifestations or not. In patients at the HCGJIM, 26.1% of the encephalitis or meningitis events were attributed to VHH 6 and 7. Since serological tests were not performed, it was not possible to define whether the infections were primary or by reactivation of latent infections 10 .
Koskiniemi et al. 11 evaluated the epidemiology of encephalitis in children after the implementation of vaccination programs against measles, mumps, and rubella (MMR) viruses. In 63% of the events, a causative agent was identified. A significant change was observed in the etiological agents; the most prevalent was the varicella virus (22%), respiratory viruses (20%), and Enteroviruses (19%). In our study, no diagnostic tests for MMR viruses were performed because the hypothesis of infection by these agents was not considered, since 96.1% of patients > 1 year of age received the triple viral (MMR) vaccine. In the country, 87% coverage is reported in the national vaccination program for the triple viral vaccine 12 .
Environmental, demographic, and vaccination history factors influence the epidemiology of CNS infections [13] [14] [15] . Jain et al. 16 identified the infectious etiology in 60.5% (n = 632) of pediatric patients with acute encephalitis syndrome. The most frequent causes were Japanese encephalitis virus (16.2%), dengue virus (10.8%), herpes simplex virus (9.3%), and mumps virus (8.7%). The first two agents showed predominance from July to November, and mumps virus infections occurred mainly in patients without a history of vaccination. In the western region of the same state, Beig et al.
14 described that enterovirus was the main cause of encephalitis (42.1%).
In Mexico, from 2000 to 2011, the incidence of infection by dengue virus has increased from 1.72 to 14.1 events/1,00,000 inhabitants, with cases predominating in the coastal region and young people aged 10-20 years old 17 . Due to this increased incidence, it is reasonable to consider the dengue virus as a probable encephalitis etiological agent. In this study, no patient was investigated for this etiology. Ignorance in the epidemiology of vector-borne infections favors underdiagnosis. The West Nile virus has emerged as the most frequent cause of epidemic meningoencephalitis in the United States, and the infection has spread to countries in the Caribbean, Canada, and Mexico 18 . It is possible that, in patients with meningoencephalitis without an etiological diagnosis, the cause could be an arbovirus infection.
Chronic meningitis can manifest with non-specific symptoms such as a headache, nausea, vomiting, altered level of consciousness, or memory impairment. In these events, the presence of hypoglucorraquia is suggestive of fungal or Mycobacterium sp. infection 19 . Two patients, in this study, had chronic symptoms and a history of consumption of unpasteurized products. The isolated bacteria in these patients were B. melitensis and M. tuberculosis.
The gold standard for the diagnosis of CNS infections of bacterial origin is CSF culture, but in cases of aseptic meningoencephalitis or partially treated meningitis, the use of molecular techniques allows etiological diagnoses in up to 70% of events, favoring a rational use of antibiotics and the reduction of hospitalization days. The complexity of these tests and their cost make them unaffordable 20, 21 . However, multiple polymerase chain reaction tests have facilitated its use 7 . The limitations of this study were the sample size and not having carried out an exhaustive search for infectious causes in patients without an etiological diagnosis. No tests were requested for arboviruses (dengue virus or West Nile virus), MMR, or respiratory viruses. The tests for M. tuberculosis or M. pneumoniae were only performed in patients with negative cultures and suggestive clinical manifestations. Moreover, 18% of patients had received antibiotics before the study, which could cause false negative results in the cultures.
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